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NOTE ON PILOTS' OBSERVATIONS OF AIR CURRENTS IN AND NEAR THUNDERSTORMS 
By PAUL A. ~IILLER,  Assistant Observer 

[Moline Airport, nI.1 

About 10 o'c1oc.k on the evening of September 10, 1925, 
an air-mail pilot t800k ofT from Moljne Airport for 1i;ansas 
City. Weather c,onditions were very much unsett81ed 
and thunde.rstorms we.re indicated ove,r the route he was 
to follow. He found, howeve.r, tha.t the,re was a ceiling 
of about 1,000 feet,, fairly good visibility and ve,ry litt81e 
rain, and he esperience,d no t.rouhle until he wtis ahout 
15 miles beyond Fairfield, Iowa. There he found that 
he was nearing a thunderstorm of coiisiderable dimen- 
sions and decided to circumvent it,  if possihle. The. 
storm was moving from the sout8hsvest, and he el 
run along the northeastcrn edge, or forefront,, of it,, rat'her 
than t80 go so far out of his way hy skirting the northern 
edge. 

gft,er following the new course for about 5 miles, he 
decided to start. using gasoline from the ot1ie.r wing t>ank, 
and so leaned down in the c.ocBpit t>o turn it, on. While 
in that position the ship was suddenly thrown dniost, 
entirely over on its bac,k and t8he altimeter showed 3,500 
feet w-ithin about 20 seconds, awarding t,o t>lie pilot's 
estimation. After rightsing tlie ship, t'he pilot returrind 
t,o Moline Airport, judging that, t.he storm he. wes nmr 
was of particular violence a.loftj and i t  would be foolhardy 
to continue. He shated tdiat, sitice it WRS very dark, he 
could not tell whether the high altimeter reading was 
due to being lifted upward very rapidly or to suddenly 
lowered pre,ssure of the atmosphere. 

The turning over of tlie pla.ue c,an be accounted for, 
as it is well known t.hat there %re. rapidly asc,encling and 
descending currents in a thunde,rstorm. It, is also known 
that the baroniet,ric pre.ssure decrea.ses sharply in t,he 
forefront of a thunderstorm and then increases rapidly 
as the storm passes over a given point, but. if this sudden 
change of 2,500 feet (lie was flying a t  about 1,000 feet) 
shown by t,he altime,t,er was clue to a sharp lowering of 
pressure, tlie decrease WOlIld amount to not less than 65 
millimeters, whic,h is manifest,ly rather improbable, e,s- 

cept in t8he pre,senc.e of tornadic condjtions. Such con- 
dit8ions were very probable at  tdia.t time when the dis- 
t,ribution of several of the met~eorological elements are 
taken int,o consideration. The 7 a. ni. weather ma.p for 
September 10, 1928, shows a long trough of low pressure 
s tre, tch ing nor t8h ea st wa.rc1 across the Plains S t) at8es and 
that thunderst80rms had already occurred 0ve.r the we,&- 
ern portions of t,his area. There is also a sharp variation 
of t8emperat,ure shown from HIGH to LOW from east to 
west,. These evidenc.es, combined with the pilot's ac- 
count that, it, occurred in the forefront of n thunder- 
st,orni, with no rain occurring before, seein to point to 
the probahility of the presenc,e of tornadic conditions. 

On t,lie othef. hand, if t'he alt,imet'er change was due to 
an uprising current of air, t'he velocity of the. c,urrent 
would have been approsimot8e.ly 38 meters per sec,ond; 
t,liis seems ratslier high, alt81iougli it corresponds vcrg well 
wit,li stat,enients made by various pilots conce,niing the 
veloc.ity of these currents and their efTect,s upon an 
airplane,. 

Pilot,s who have heen asked c,oncerning experiences 
along this line are generally of the opinion that, a violent 
uprising current of air in the frout of the storm tossed the 
plane ahout and also lift,ed it' very rn.pidly. Several 
stated that they have flown directly through thunder- 
storms and a t  the front of the storm have been struck by 
squalls which were made up of descending currents so 
violent tlhat8 t,heir ut,most. efforts were required to keep 
t8he ship from crashing, and after passing the front were 
lift8ed by the awending current,s int'n the clouds and could 
hardly get t,he, plane down, even by point'ing downward 
wit81i t8he engipe on. 

The foregomg seems t>o indicate that in some thunder- 
storins the vertical air currents are much more violent 
t81ian is generally supposed. Another inference would be 
t,lirtt tornadic conditions niay form aloft., of which no 
indication is percxived a t  the surface. 

FIVE YEARS OF OCEAN MAPPING AND ITS FORECAST VALUE 
By L. E. BLOCHMAN 

[Berkeley, Calif.] 

INTRODUCTION 

Long-range, or seasonal, fore.casting has so far bee.n 
only cursorily investigated, particularly on t8he Pacific 
coast. Both short-range and long-range forecast,ing have. 
been immensely assisted by ocean charting from daily 
radioed weather reports from ships. The main applica- 
tion of this service, however, is to daily or short-range 
forecasting; long-range forecasting is still in a tentabive 
state for lack of suffic.ient data. 

The ocean mapping system was not established wit,hout 
considerable difficulty. Cre,dit is due to the San Fran- 
cisco Weather Bureau service for its persistence in obtain- 
ing a sufficient number of ship reports to c.over t,he desired 
ocean area. This estends from Honolulu to the westerly 
Aleutian Islands, and from this approximate westerly line 
to the Pacific coast of Canada and the United States on 
the east. The land stations of Guam, Manila, Hong Kong, 
St. Pauls Island in Bering Sea also report to the bureau. 

As a layman I am studying prevalent seasonal condi- 
tions, especially the ocean movements of HIGHS and LOWS, 

with their concomitant rains; the re,sult of these studies 
is but partially embodied in this paper. In  this article 
I also briefly discuss the recent ocean-mappe.d seasons, 
especially the very dry season of 1923-24 and the more 
than average ra.iny one of 1926-27, and some casual 
weather conditions of two ot,her seasons. 

T H E  SEMIPERMANENT LOWS A N D  HIGHS 

In  scanning our ocean and land maps for any series of 
years we find two dominant c,ent,e.rs of pressure, the 
so-calle,d seniipermanent Aleut,ian LOW and the semi- 
permanent HIGH which lies off the California coast about 
15' to the west. The center of the Aleutian LOW is 
immediately south of the islands of the same name, but 
its c.enter niay vary for a thousand mile.s east or west.' 
The center of the semipermanent HIGH, above referred to, 

1 This apparent variation is explained by the fact that the so-called Aleutian cyclone 
ow%? its semipermanent character t o  the giving 017 of secondary depressions on ita 
eastern front and receiving accessions from the west every few days. As a result the 
center of the cyclone seems lo be stationary for a few days aud then suddenly to change 
its position 500 t o  1,ooO miles to the westward.-Editor. 
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is not so definitely located as to latitude, ranging often 
between 30' and 40'. Sometimes the HIGH in wint,er 
stretches across easterly by northeasterly to the plateau 
between t,he Sierras and t.ie Rockies. When the.re. is a 
persistsent dry spell in winter a plat8eau HIGH niay exist 
at the same time. 

This semipermanent HIGH, known as the California or 
the Hawaiian HIGH, dominates our const. I t  is a litble 
farther north in summer than in winter and much more 
permanent in summer and in very dry winte.r seasons 
than in rainier seasons. I ts  major axis is subject to 
change in summer or in bhe dry spells of any winter. 
When temporarily displaced it has an inherent t>endency 
to return to its more or less permanent posit'ion lying east 
and west approximately between longitude 130' ancl 150' 
and latitude 30' and 40'. 

I 
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FIQ. l.--8ea4onal meander of North Pacific anticyclone. The numerals 
the months January-December, inclusive 

1-12 stand for 

It is a part of the high-pressure be.lt which encirc.1e.s 
the globe about north latitude 35'. Over t8he two oceans 
it is a t  its highest pressure west of their respec.t,ive con- 
tinents. The effect of this pressure dist'ribut'ion is t,o 
cause a marked shortage of rainfall along its sout'hern 
side, as manifest in the Sahara and other deserts. 

On the Japanese coast, and on the Atlantic. side of the 
United States the belt of high pressure is more or le,ss 
broken up by cyclonic, storms and is not therefore c.on- 
tinuous at  all times. Off the California coast this semi- 
permanent high pressure in very dry winters seems almost 
as intense and persistent as in summer ~ e a s o n s . ~  

According to my observations when the summer HIGHS 
of September continue into October and still furt,her iiit'o 
November, with concomitant plateau HIGHS, we have t,he 

3 The marine division of the Weather.Bureau made for the editor some time ago a 
drawings showing the average annual migration of the North Pacific semipermanent 
anticyclone. The drawing is produced as Figure 1 of this article.-Editor. 

a Cf. A. J.  Henry in the Winter Anticyclone of the Great Basln, this Rev. 56: pp. 
125-128. 

probabili t,y of a below-a.verage rainy season. The higher 
t'he pressure as t.he rainy season moves on to the latter 
half of November and into Dec,eiiiber, the greater the 
probabilit,y of a dry season and not of a mere dry spell. 
When there is inore or less mobility of pressure, i. e., 
occasional fluctuations to lower pressure, we may con- 
strue conditions as a later opening winter season. 

With land mctps only to forecast from this is a very 
uncertain probleiii because some of the conditions are 
unknown. 
helps immensely by giving us the lacking data. I shah 
endeavor to illustrate this as I proceed. There are still 
element,s of uncert,aint,y in long-range forecasting that 
only further investigations will minimize. Ocean map- 
ping and part,icularly the resultant effect on our scientific 
t,lieories are still in their infancy. 

It, can be re.adily seen that oc.ean mappin 

COMPARISON OF SEASONS 

There are marked cont,rasts in even these last five 
seasons and we shall first c.ompare two of them of opposite 
brend, t'he dry season of 1923-24,4 and the above average 
rainy season of 1926-27.5 In  looking at  the ocean weather 
maps for 0ctobe.r and November, 1923, they seemed to 
be a continuation of bhe average summer HIGH, and the 
rains were very light,, mere tapering rains from the north. 
But in Oct,ober, 1926, several cyc,lonic or low-pressure 
areas moved south to almost latitude 30°, the southern 
limit of the summer HIGH and so displac.ed it completely. 
It did not yet, rain apprec.iably in the State, the LOW 
c.enter moving too far to the nort'heast as it passed 
inland, but, i t  w-n.s a true forecast for rains in the following 
rnonbh. On November 17, 1936, tjhe we,ather map showed 
a deep LOW of 29.40 inches opposit,e Point Conc.eption 
with its center along the one-hundredth and forty-fifth 
meridian of longitude. But over the plateau the land 
map showed the excessive high pressure of 30.50 ,inches, 
due to some cold land conditions. Certainly no one, a 
short or a long-rmge forecaster, could have predicted any 
rains from t,he land mnp, but, t$e ocean map justified a 
forecast, of a very henvy rain; indeed, 6 indies fell at 
San Francisco, and 7 a t  Sail Luis Obispo (near Point 
Conceptmion) wit,hin the following 10 clays. These were 
escessive rains for 

The int,erior always has higher pressure in winter than 
in summer, the opposit,e of normal oce.an conditions. The 
nnly difTerenc.e observ6d as regards seasons is that the 
average pressure is higher and semipermanent in drier 
seasons, but, in normal t,o wet seasons the higher and 
lower pressures fluctuate and alternate quite frequently. 

The problem of long-range forecasting even from 
ocean charts is not so simple in ordinary seasons as in 
extreme ones. For instance, high oceanic pressure in 
Oct,ober and November and even in December may be 
due in part to a lat,er opening season, a belated summer 
rondit,ion, or t,o some other cause. The season of 1925- 
26 had very light rains until January; in fact, in the bay 
region December was much drier than November. In 
forecasting a t  the time I observed that this would not 
be a dry season, as Los Angele,s and southern points had 

4 Typical weather chart of dry season 1923-24, February 26, 1924. 

8 Typical weather chart for wet season of 1Y2,&27, November 17, 19%. 

Deep low, 28.1 
inches cent.ered over Bering Sea and the west coast of .4,laslia. North Pacific anti- 
cylcone in normal position. 

Circular low 
centered in West longitude 1 4 5 O .  North latitude 35'. Pressure high over Bering Sea 
and the interbr of continent, west of one hundred and tenth meridian-a typical pressure 
distribution for rains in sout.hern California. 

6 Typical weather chart, October 13 and 22. 1926, for heavy rains in November. Both 
show a deep depression in the neighborhood of Dutch Harbor with the outer limit 
ext.ending southeast nearly to California coast. North Pacific anticyclone a b w t  and 
pressure over continent not unusually high. 

Pressure over interlor of continent unknown. 
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received about t,hree times t$e rainfall of the bay re,' a1011. 
Lows had rnoved direct,ly sout8h which, like October, 
1926, indicst,ed favorable future rnins. Copious Jan- 
uary, February,  rid April railis brought t,he season up 
to a full normal one. Of belat,ed opening'rainy seasons 
we may incidentally re,fer to 1910-11, when only 2?'4/ 
inches of rain fell in Sacranie,nto from September t,hrough 
to the end of December. In January following torrential 
rains cmie to the Sac,rament,o Valley causing serious 
floods; Sacramento cit,y had'  1234 inches, Nevada City 
(the same valley a t  the 3,500-foot elevation) had 36 
inches. Had we had ocean innpping a t  that time, 
undoubtedly pressure niovemen ts in December would 
have indicated as i t  did in October, 1926, fut'ure heavy 
rains. 

The season of 1924-35 of this ocean-mapped group 
shows a dry condition in t,he south, but full avertigo from 
Salinas-Fresno nortaliward. There. a,re sewral such sea- 
sons of dry conditions in the soubli and normal rainfall 
northward. The weat,her map for December 30, 19% 
(a d v  period for sout,hern California), shows t,he mc;H 
off the California coast wit8h deep LOW nort,hward, over 
the Gulf of Alaska. But t.lie subsequent LOWS moved 
much farther south than in the previous dry season, and 
the HIGHS were not so persistont. 

LOW-PRESSURE MOVEMENTS 

The niain low-pressure or cycloiiic morernent, known 
as the Aleutian LOW, has been carefully and continuously 
studied and does not need any ntt,ent,ioii in this disc.us- 
sion. There are, however t8wn other low-pressure move- 
ments related to the northern low-pressure system, the 
Hawaiian LOW and t,he intermountain LOW, or t,he so- 
called Alberta or Alberta-Plat,eau LOW. 

ALBERT.4 LOWS ' 
The Alberta LOW has been really misnamed; it, should 

havo been called the inhermountain LOW. It is a LOW 
that has moved inland along the southern Cnldirwl line 
and become deflected southerly about the Province of 
Alberta and often before it has reac.lied that Pro\' TU1C.R. 
I t  is a cyclonic formation bet,ween two HIGHS, defle,cted 
as it, encounters t,he easterly HIGH. I n  moving south 
toward sou thern Nevada and sou theastern Cdifornin 
it comes under the influence of the Pacific 0ce.m and it,s 
cyclonic life is revivified, and precipit,ation follows for 
central and southeni Cnlifornia, often quit,e heavy. 

In the dry season of 1923-24 the persistent HIGH of 
this coast seemed as imniovable as in summer. There 
was no probability in spring of any LOW being deflec.tec1 
down the California coast with suc.h an anticyclonic 
condition. But in three different periods in March this 
Alberta cyclonic movement gave the parched south above- 

-~ _ _ _ _ _ ~  _. 

7 The Weather Bureau clsssificatioq of LOWS, as has been frgquently stated, is based 
solely upon the place where the LOW 18 first charted on the daily weather maps. It is 
held that Alberta LOWS are of Pacific origin, but the evidence as t o  the precise path fol- 
lowed previous to thew appearance in -4lberta IS not pet conc1usirr.-Edifor. 

14989-28-2 

average rains foi the month: San Diego, 2% inches; Loa 
Angeles and Santa Barbara, 3% inches; and San Bern- 
ardino, 495 imhes. April also had two similar rains, 
though lighter in amount. Los Angeles rec,eived about 
1% inches, San Bernardino and Redlands a full 2% 
inches, while its influence, barely felt around the bay, 
gave San Francisco only 0.30 inch. 

We give so much attention to this type of LOW because 
we have never se.en any refe.rence, paid to t,his particular 
source of rain for southern California. I t  is particularly 
a factor to he reckoned with in rains from March on. 
The applicability is shown in the following forecasts 
made in A4pril, 1927, and t,his last April. About the 
middle of April, 1927, I forecast, in a local paper ( n e  
Berkeley Ga.zette) that the rainy season was over, due to 
the tapering off of t,he nort8herly coast rnins a.nd partic- 
ularly to the, persistent' oceanic high pressure. This was 
a c.orrec.t, foremst. About the mine time. this year under 
t,lie smie conditions I wns correct only as far 8,s t,he, upper 
coast rains were concerned. An uIiespec.te,d Albert,a LOW ' 

developed during the second week of May which gave 
sout,hern points from Bakersfield sout,h % to 1% inches 
of rain, tapering off in the bay district, to 0.30 inch. 

THK HAWAIIAN LOW 

The I-Iawa.iian LOW is so called beca.use first observed 
in the vicinity of these islnnds. I t  most likely is a 
southerly deflection of t,he Japanese-Alaskan low-pressure 
system hfore  it r e a c h  its usuttl cent>er. Somet,imes 
rainstmornis are light, sometimes very heavy, from this 
s0urc.e ; they are wariiie.r in temperature than tjhe Alaskan 
LOW because traversing a warmer belt. 

Whenever an Aleutian LOW moves south and a Ha- 
waiian LOW exists west of the California coast a t  the 
time, they apparently intensify the precipitational effect 
OI each other. Such a coincidence was in evidence in 
February, 1927, which accounted for some tremendous 
rains in s0uthe.m Califomia in a short period of time. 
I t  c,an be traced in tdie weatslier maps of February 12 
and 13. 

On March 22 and 33 of this year it was raining in the 
Sac.rnmento Valley and snowing in the mountains. On 
t'he 33d and 24th a Hawaiian LOW moved in and aug- 
riieiit8ed the precipitation and the warmer Hawaiian LOW 
apparent'ly me1te.d the mountain snows causing h e a v  
floods in the valley. 

This brief and rambling disc.msion about a few recent 
seasons and about high and low oce.anic pressures is only 
a partial proof of the. value of oc.ean mapping for long- 
range, forecasts. For short-range it is too self-evidently 
necessary t,o need any comment. 

My accuniulated data of years on various climatic 
factors bearing on long-range forecasting would have 
been of more value if we had had concomitant ocean 
mnps previous to 1933. 

8 Undoubtedly the author has in mind a cyclonic depression that occasionally is 
found EIS fer south as Honolulu. hIeteorologist,s do not recognize a distinct.ive LOW 
that could be called the "Ilawaiian" Low.-Editor. 


